treatment method of unruptured intracranial aneurysms (UIAs). We performed an extensive literature search, using Medline. We met in person to discuss recommendations. This document is reviewed by the Task Force Team of the Korean Society of Interventional Neuroradiology (KSIN).
Diagnosis and treatment of ruptured intracranial aneurysms (RIAs)

Diagnosis of aneurysmal subarachnoid hemorrhage (SAH)
Noncontrast head computed tomography (CT) remains the cornerstone for diagnosis of acute SAH [4] [5] [6] . The sensitivity of CT in the first 3 days after SAH remains very high (close to 100%), after which it decreases moderately during the following few days [7] . After 5 to 7 days, the rate of negative CT increases sharply, and lumbar puncture is often required to show xanthochromia.
However, advances in magnetic resonance imaging (MRI) of the brain, particularly the use of fluid-attenuated inversion recovery, proton density, diffusionweighted imaging, and gradient echo sequences, can often allow the diagnosis of SAH to be made when a head CT scan is negative and there is clinical suspicion of SAH, possibly avoiding the need for lumbar puncture. The role of MRI in perimesencephalic SAH is controversial [8] [9] [10] .
Recommendations
1. Acute diagnostic workup should include noncontrast head CT, which, if nondiagnostic, should be followed by lumbar puncture [5] .
2. Magnetic resonance imaging (fluid-attenuated inversion recovery, proton density, diffusion-weighted imaging, and gradient echo sequences) may be reasonable for the diagnosis of SAH in patients with a nondiagnostic CT scan, although a negative result does not obviate the need for cerebrospinal fluid analysis [5] .
3. Lumbar puncture must be performed in a case of clinically suspected SAH, if CT or MRI does not confirm the diagnosis [11] .
Diagnosis of ruptured intracranial aneurysms (RIAs)
Compared with digital subtraction angiography (DSA), computed tomography angiography (CTA) has many advantages. It is non-invasive, fast, and has fewer limitations concerning equipment or manpower, and it is possible to examine unstable patients easily. On the other hand, CTA has disadvantages, which are the requirements of radiation and contrast. Furthermore, it has a low sensitivity for detecting small aneurysms less than 3 mm, and a low negative predictive value relative to DSA [12] [13] [14] [15] . Therefore, in the case of a negative finding of CTA, controversy about whether or not to perform a DSA exists [16, 17] . However, because of the development of CTA-MMBE (multisection CTA combined with matched mask bone elimination) or dual energy CTA, high sensitivity can be expected using a relatively low radiation dose [18, 19] .
Magnetic resonance angiography (MRA) has the advantage that it does not give radiation to the patients. There are many disadvantages, however, including the need for a long examination time, motion artifacts, and low sensitivity and specificity [20] .
There are controversies about performing a DSA to decide the treatment modality. In one series, 95.7% of patients with SAH were referred for treatment on the basis of CTA [21] . But, patients who are not diagnosed by CTA required DSA. The sensitivity of 3D angiography is far superior to 2D angiography [22, 23] . DSA using 2D and 3D is considered to be the diagnostic modality, and is an essential part of the diagnosis.
Because flat-panel volumetric CT can be checked in an angio suite instantly, it could be used to monitor changes in the patient, such as hydrocephalus or rebleeding [24] .
Recommendations
1. CTA may be considered in the workup of SAH. If an aneurysm is detected by CTA, this study may help guide the decision for the type of aneurysm repair, but if CTA is inconclusive, DSA is still recommended (except possibly in the instance of classic perimesencephalic SAH) [5] .
2. DSA with 3-dimensional rotational angiography is indicated for detection of an aneurysm in patients with SAH (except when the aneurysm was previously diagnosed by a noninvasive angiogram) and for planning treatment (to determine whether an aneurysm is amenable to coiling or to expedite microsurgery) [5] .
3. DSA of all cerebral arteries should be performed, if a bleeding source was not found on CTA and the patient has a typical basal SAH pattern on CT [11] .
4. If no aneurysm was found, CTA or DSA should be repeated as described below: SAH without aneurysm [11] .
Treatment of ruptured intracranial aneurysms (RIAs)
Since the invention of detachable coils by Guglielmi et al. in 1991 [25] , endovascular treatment of aneurysms has become increasingly accepted and has been applied to a growing fraction of patients. After the International Subarachnoid Aneurysmal Trial (ISAT), the first multicenter randomized study on endovascular coiling [26] , the method has grown up to be the main treatment modality for aneurysm treatment. However, there is still a controversy over which modality of treatment should be chosen for an intracranial aneurysm, considering the aneurysm location, shape and patient's condition. Studies on the pros and cons about coiling are still under investigation now.
In ISAT, the rate of death and disability at 1 year after treatment was presented as 24% in coiling group and 31% in clipping group [26] .
The main reason for higher mortality in the clipping group over the coiling group (22% vs. 16%) was thought to be that long treatment time and high complication rate during surgical clipping influenced the result [27, 28] . After treatment, seizure was frequent in the clipping group. However, the rebleeding rate was higher in the coiling group (2.9% vs. 0.9%) [26] . In the coiling group, neck diameter and dome size were related to incomplete treatment and rebleeding [25] . Furthermore, a very small size aneurysm (below 3 mm) was related to failure of treatment [29] . Recommendations 1. Surgical clipping or endovascular coiling of the ruptured aneurysm should be performed as early as feasible in the majority of patients to reduce the rate of rebleeding after SAH [5] .
2. Complete obliteration of the aneurysm is recommended whenever possible [5] .
3. Determination of aneurysm treatment, as judged by both experienced neurovascular surgeons and neurointerventionalists, should be a multidisciplinary decision based on characteristics of the patient and the aneurysm [5] .
4. For patients with ruptured aneurysms judged to be technically amenable to both endovascular coiling and neurosurgical clipping, endovascular coiling should be considered [5] .
5. In the absence of a compelling contraindication, patients who underwent a coiling or clipping of a ruptured aneurysm should be examined by follow-up vascular imaging (timing and modality to be individualized), and strong consideration should be given to retreatment, either by repeat coiling or microsurgical clipping, if there is a clinically signif icant (e.g., growing) remnant [5] .
6. In general, the decision on whether to clip or coil depends on several factors related to 2 major components:
(1) Patient: age, comorbidity, presence of ICH, SAH grade, aneurysm size, location and configuration, as well as status of collaterals (2) Procedure: competence, technical skills and availability 7. Factors in favor of operative intervention (clipping) are: younger age, presence of space occupying ICH, and aneurysm-specific factors such as:
-location: middle cerebral artery and pericallosal aneurysm -wide aneurysm neck -arterial branches exiting directly out of the aneurysmal sac -other unfavorable vascular and aneurysmal configuration for coiling [11] 8. Factors in favor of endovascular intervention (coiling) are: age above 70 years, space occupying ICH not present, and aneurysm-specific factors such as posterior circulation, small aneurysm neck and unilobar shape [11] 9. Stenting of a ruptured aneurysm is associated with increased morbidity and mortality, and should only be considered when less risky options have been excluded [5] .
Screening and treatment of unruptured intracranial aneurysms (UIAs)
Screening of unruptured intracranial aneurysm SAH due to the rupture of an intracranial aneurysm usually has a poor prognosis despite the recent advances in management [30] .
Prevention of rupture would be of great importance to reduce the mortality and morbidity of SAH caused by intracranial aneurysm, and screening tests for high-risk populations are being considered [31] .
Definition of high risk populations for screening of unruptured aneurysm
When 2 first-through third-degree relatives have an Neurointervention 9, September 2014 intracranial aneurysm, the risk of harboring an unruptured aneurysm was 8% with a relative risk of 4.2 [32, 33] . In the familial intracranial aneurysm, this is associated with SAH at a younger age and a high incidence of multiple aneurysms [32] .
Variable conditions associated with intracranial aneurysms include moya-moya disease, pituitary adenoma [34] , sickle cell disease [35] , fibromuscular dysplasia, systemic lupus erythematosus [36] , coarctation of aorta, and cerebral arteriovenous malformation. Genetic conditions associated with intracranial aneurysms include autosomal dominant polycystic kidney disease(ADPKD) [37] [38] [39] , Marfan's syndrome [40] , neurofibromatosis type I [41] , multiple endocrine neoplasia type I [42] , pseudoxanthoma elasticum [43, 44] , hereditary hemorrhagic telangiectasia [45] and type IV Ehlers-Danlos syndrome [46] . For example, aneurysms occur in 10-22.5% of ADPKD patients. ADPKD patients may need a screening test for unruptured intracranial aneurysms [37] [38] [39] .
In other conditions, screening test may be considered on an individual basis. In patients who have been treated for a ruptured aneurysm, the annual rate of new aneurysm formation is 1-2% per year [47] , and patients with multiple intracranial aneurysms may be particularly susceptible to new aneurysm formation [48] .
Screening for unruptured intracranial aneurysms in the general population without a family history of SAH is currently not supported due to low cost-effectiveness [49] .
Recommendations
1. Screening for unruptured intracranial aneurysms may be considered for individuals who have 2 or more first-degree relatives with an intracranial aneurysm.
2. Screening for unruptured intracranial aneurysms may be considered for patients with ADPKD.
3. In patients with previous SAH due to aneurysmal rupture, regular screening for detecting new aneurysms should be considered.
4. Screening for unruptured intracranial aneurysms may not be considered for patients with a negative family history of SHA and no known risk factors and/or genetic factors for an intracranial aneurysm.
Screening methods for unruptured intracranial aneurysms
As noninvasive imaging for screening, threedimensional time-of-flight magnetic resonance angiography (MRA) or computed tomography angiography (CTA) may be useful [50, 51] . But, catheter angiography is the recommended the gold standard when it is clinically imperative to know if an aneurysm exists [4] .
Treatment for unruptured intracranial aneurysm
Introduction
The management of an unruptured intracranial aneurysm should be determined based on the natural history of the lesion, but data about the natural history of unruptured intracranial aneurysms are limited. All aspects of patient-specific factors of age, co-morbidity, and health condition and aneurysm-specific factors of size, location, and morphology should be taken into account for the treatment decision. Aneurysmal clipping has been the standard method for treatment. However, with the technological advances in devices, endovascular treatment has been used with increasing frequency. The selection of a treatment method for an unruptured intracranial aneurysm should be individualized based on patient's factors, aneurysmal factors, and facility and performance of centers.
In 2013, Greving et al. presented the PHASES score for prediction of risk of rupture of intracranial aneurysms [52] . The scoring system was developed from a pooled analysis of individual patient data from 8382 participants in six prospective cohort studies. Predictors included age, hypertension, history of SAH, aneurysm size, aneurysm location, and geographical region, and were independently associated with the rupture risk of an intracranial aneurysm. According to the PHASES score, a high PHASES score corresponds to a great 5-year risk of aneurysm rupture (Table 1) . It is not yet complete, but this study is the first proposal to reliably predict the long-term risk of aneurysm rupture and a risk prediction chart could serve as a valuable aid for treatment of an UIA.
General principles
Aneurysm size was an important predictor of rupture risk and could be considered preferentially in determining whether to treat. In ISUIA (International Study of UIAs) published in 2003, calculating the total risk of rupture for patients demonstrates that for aneurysms 7 to 12 mm, 13 to 24 mm, and greater than 25 mm in diameter, the yearly rupture rates are 1.2, 3.1, and 8.6%, respectively [53] . Small, single incidental aneurysms less than 5 mm in diameter should be managed conservatively. However, treatment of a small aneurysm would be considered a relative rupture risk according to risk factors like location, history of SAH, symptomatic intracranial aneurysm, family history of aneurysm, and aneurysm with a multilobule or bleb.
SUAVe (Small Unruptured Aneurysm Verification), published in 2010, was a prospective study to assess the annual risk of rupture of UIAs less than 5 mm in diameter [54] . In SUAVe, the overall annual risk rate of rupture was demonstrated to be 0.54%/year (single unruptured aneurysms: 0.34%/year, multiple unruptured aneurysms: 0.95%/year). And patients <50 years of age (P=0.046; hazard ratio, 5.23; 95% CI,1.03 to 26.52), aneurysm diameter of ≥4.0 mm (P=0.023; hazard ratio, 5.86; 95% CI, 1.27 to 26.95), hypertension (P=0.023; hazard ratio, 7.93; 95% CI, 1.33 to 47.42), and aneurysm multiplicity (P=0.0048; hazard ratio, 4.87; 95% CI, 1.62 to 14.65) were found to be signif icant predictive factors for rupture of small aneurysms. Results of this study showed that the rupture risk of a small cerebral aneurysm in Japan was higher compared with that of ISUIA.
And, in UCAS (Unruptured Cerebral Aneurysm Study of Japan), reported in 2011, the overall rate of rupture of cerebral aneurysms was 0.95% annually, and anterior-circulation small aneurysms had a higher rupture rate than that of ISUIA [55] .
In addition, treatment could be considered in patients with severe psychological disturbances secondary to harboring an unruptured aneurysm.
Symptomatic UIAs should be treated in principle. For patients at high risk of treatment because of co-morbid medical conditions, old age, or location and morphology of the aneurysm, the risks and benefits of treatment should be weighed in the treatment decision. However, the treatment decision should be determined after taking into account the patient-specific factors of age, co-morbidity, and health condition and aneurysmspecific factors of size, location, and morphology. Treatment is not generally recommended for asymptomatic extradural intracranial aneurysms. Long-term follow-up is recommended after treating an UIA. In particular, for patients managed with endovascular treatment, angiographic follow-up is recommended to detect incomplete occlusion or recurrence.
For patients with an UIA who are managed conservatively without treatment, treatment of high blood pressure, cessation of smoking, and regular noninvasive angiographic follow-up, even without symptoms, are recommended.
Frequent Aspirin use may confer a protective effect for risk of intracranial aneurysm rupture. In a casecontrol study on the protective effect of Aspirin for patients with an untreated intracranial aneurysm, patients who used Aspirin 3 times weekly to daily had a significantly lower odds of hemorrhage (adjusted OR, 0.27; 95% CI, 0.11 -0.67; P=0.03) compared with those who never take aspirin [56] . However, further clinical investigation is needed to confirm this effect. UIAs generally are monitored annually with MRA or CTA for 2 to 3 years and then every 2 to 5 years thereafter if the UIAs are clinically and radiographically stable [57] . To calculate the PHASES risk score for an individual, the number of points associated with each indicator can be added up to obtain the total risk score. SAH=subarachnoid haemorrhage. ICA=internal carotid artery. MCA=middle cerebral artery. ACA=anterior cerebral arteries (including the anterior cerebral artery, anterior communicating artery, and pericallosal artery). Pcom=posterior communicating artery. posterior=posterior circulation (including the vertebral artery, basilar artery, cerebellar arteries, and posterior cerebral artery). Reference [52] . of the diagnosis of an aneurysm 5. It is recommended that the treatment decision for an UIA should be determined after taking into account the patient-specific factors of age, comorbidity, and health condition and aneurysm-specific factors of size, location, and morphology. The facility and performance of centers also should be considered for the selection of the treatment method. In the decisionmaking process, informed consent should be obtained after providing sufficient explanation to the patient or the patient's family.
6. In the decision-making process, the PHASES score may be considered for predicting a patient's risk of aneurysm rupture.
Selection of treatment modality for an unruptured intracranial aneurysm
The most appropriate treatment option for any UIA is that which provides an optimal balance of procedural safety and long-term efficacy based on patient and aneurysm characteristics. Currently, there are two available options for treating UIAs, surgical clipping and endovascular coiling.
The patient-specific factors, facility and performance of centers should be considered for the selection of treatment method.
Surgical treatment
Traditionally, surgical clipping has been deemed as being highly efficacious, but carrying greater risk due to the neurological complications associated with open neurosurgery. In safety concerns associated with surgical treatment, according to ISUIA reported in 2003, 1 year-morbidity and 1 year-mortality after clipping was 10.1% in cases without a history of SAH and 12.6% in cases with a history of SAH [53] . In domestic data of a retrospective study reported in 2010, there was a 30 day surgery-related mortality rate of 0.4% and a 30-day morbidity rate of 8.4% [60] . However, complication rates of surgical clipping differ according to aneurysm size, location and patient's age [59] [60] [61] . Moroi et al. reported that the surgical morbidity and mortality rates were 0% for ACA and MCA UIAs less than 10 mm in size [61] . Krisht et al. at 2006 suggested that surgical treatment may represent a superior approach to conservative management in patients with life expectancies greater than 10 years [62] .
Endovascular treatment
During last two decades, endovascular surgery for treatment of intracranial aneurysms has been developing rapidly. Growing evidence seems to indicate that endovascular coiling carries lower risks than surgical clipping for UIAs. In a systematic review of 30 studies including 1397 unruptured aneurysms treated with detachable coils, morbidity and mortality were 7% and 0.6%, respectively [63] . In another systematic review of 176 unruptured aneurysms in 149 patients treated with detachable coils, morbidity and mortality were 2.6% and 1.3% [64] . In Japanese data of retrospective study, the 30-day mortality and overall morbidity including mortality was 0.2% and 6.3% for coiling [61] . In a 2007 retrospective study from 429 hospitals in 18 states in the US, neurosurgical cases had 70% greater odds of an adverse outcome, 30% increased hospital charges, and 80% longer length of stay compared with endovascular cases [65] . However, further large size, prospective studies are needed for endovascular treatment of unruptured aneurysms. And, the long-term efficacy and durability of endovascular treatment for unruptured aneurysms remains to be determined.
While endovascular treatment of UIAs is now widely used, certain aneurysmal morphologies and anatomical features, particularly a wide neck, render some aneurysms technically difficult to treat endovascularly. To facilitate endovascular coiling of aneurysms with broad necks, Moret et al. extended a previously utilized temporary balloon-inflation technique to the treatment of UIAs and named it balloon remodeling [66] . Another adjunctive therapy for wide-neck UIAs is stent-assisted coiling. Recently, flow diversion emerged as a new concept [67] . The role of a flow diverter is expected.
Recommendations of selection of treatment modality 1. Surgical aneurysm clipping and endovascular treatment yield comparable results. And the selection of treatment should be determined upon consideration of the risks of treatment and recurrence rate.
2. Long-term follow-up is recommended after treating an UIA. In particular, for patients managed with endovascular treatment, angiographic follow-up is recommended to detect incomplete occlusion or recurrence.
Conclusion
This guideline provides practical, evidence-based advice for the management of patients with an intracranial aneurysm with or without subarachnoid hemorrhage. But, these guidelines cannot provide the answer for every clinical situation and should not take precedence over the clinical judgment of responsible physicians for individual patients. The final judgment regarding the care of a particular patient must be made by the physician and patient in light of circumstances specific to that patient.
